Response surface methodology was used to optimize the processing conditions in the preparation of cowpea tempeh. The independent factors studied were boiling time (varying 
) and the lack-of-fit tests. Optimum processing conditions were determined by method of superimposition. There was a strong and significant influence (P < 0.01) of the quadratic effect of the incubation time on the protein content of the cowpea tempeh, with similar significance (P < 0.01) noted in protein solubility with increasing boiling time. The optimum processing conditions observed for the preparation of cowpea tempeh were boiling time of about 20 min, incubation time of about 28 h and incubation temperature of about 37C.
INTRODUCTION
Cowpea (Vigna unguiculata L. Walp), also known as black-eye peas, is one of the most commonly utilized legumes in Africa. It is an important crop in some areas of the tropics where it provides more than half the plant protein in human diets. It is a highly nutritious crop with a dry seed protein content of about 25% and protein digestibility higher than that of other legumes (Afoakwa et al. 2006) . Cowpeas constitute about 52% of the total world output of grain legumes. It is cultivated extensively, mostly in the savannah areas of West Africa, and in Nigeria and Ghana it is referred to as beans. It has been found to contribute up to 80% of the total dietary protein intake in some parts of West Africa. Many varieties of cowpea seeds exist and are known by their different sizes, shapes and especially seed color, which can be either white, red, brown, black, cream or mottled (Sefa-Dedeh et al. 2001) .
Tempe, also referred to as "tempeh," is a collective name for a sliceable mass of precooked fungal-fermented beans, cereals or some other food processing byproducts bound together by the mycelium of a living mould (mostly Rhizopus spp.) (Nout and Kiers 2005) . Tempeh is a widely consumed traditional Indonesian fermented food, which is principally made with soybeans (Astuti 2000) . Tempeh is a highly nutritious, easily digestible and delicious product, and as such, it meets an increasing demand from consumer requirements for high quality meat replacers. With its high protein content (40-50%, dry matter) it serves as a tasty protein complement to starchy staple foods such as rice, and it can replace meat or fish (Nout and Kiers 2005) . In Indonesia, the estimated consumption ranges from 19 to 34 g/day/person (Hermana et al. 1990) . Different processing conditions have been reported by various authors in the preparation of tempeh-like products from cowpeas. The different processing conditions reported by the various authors are expected to result in products of varying characteristics and acceptability. There is therefore the need to study how the various processing conditions affect the product quality characteristics through the use of RSM.
Response surface methodology is a statistical-mathematical method that uses quantitative data in an experimental design to determine and simultaneously solve multivariate equations to optimize processes or products (Giovanni 1983) . The rationale for the use of RSM models is that it determines the optimum operating conditions for the system as well as the region of the factor space in which the operating specifications are satisfied. It also ensures determine the optimum processing conditions in the processing of cowpea tempeh. In the use of a central composite design, an imbedded factorial or fractional factorial design with center points that are augmented with a group of "star points" allows for the estimation of curvature. If the distance from the center of the design space to a factorial point is Ϯ1 unit for each factor, the distance from the center of the design space to a star point is Ϯa with |a| > 1 (Singh et al. 2007 ). The CCRD design is able to uniformly predict at all constant distances from the center points. In the case of rotatable designs, the variances and covariances of the estimated coefficients in the fitted model remain unchanged when the design points are rotated about its centers. For this study, the experimental design was generated by Statistica computer software (Statistica 1999 edition, Kent release 5.5 A, 1984 by Stat Soft Inc., Tulsa, OK). Statgraphics Plus 3.0 for Windows (Statistical Graphics Corporation, Herndon, VA) was used for the response graphs, while Minitab 14.3 Statistical software (Minitab Inc., State College, PA) was used for superimposing the graphs. The three variables used in the study were boiling time (X 1 , varying from 5 to 30 min), incubation time (X 2 , varying from 12 to 48 h) and incubation temperature (X 3 , varying from 25 to 50C) (Djurtoft and Jenson 1977, Steinkraus et al. 1983; Shurtleff and Aoyagi 1985; Asmah 1987) .
The total number of experiments according to the design = (2) number of variables + 2 ¥ number of variables + central points.
The central point, which is annotated as (0, 0 and 0), gives an indication of the replications of the experiment and therefore the number of variables, which means the total number of experiments for each factor will be equal to 20 (i.e., 2 3 + 2 ¥ 3 + 6). The five different levels in each experiment were coded as follows: -a, -1, 0 and 1, a where a = 2 ¥ number of variables/4 = 2 3/4 = 1.682. The independent variable codes were therefore -1.682 (lowest level), 0 (middle level) and 1.682 (highest level). The relationship between the coded and actual values can be obtained using the following formula (for variable X):
where Z is the coded value for the variable, X is the corresponding actual value, X 0 is the actual value in the center of the domain and DX is the increment of X corresponding to 1 unit of Z. Twenty sample combinations were generated using the design matrix and variable combinations in experimental runs as shown in Tables 1 and 2 .
Statistical Analysis and Optimization. The data collated from the experiments conducted on the various combinations were then subjected to a second-order polynomial regression analysis using least square regression methodology to obtain the parameters of the mathematical models. The regression analysis was carried out to observe the significant effects of the various process parameters on the various responses measured at a significance level of P < 0.05. The relative effect of each process parameter was compared with the b values corresponding to that parameter. The b coefficients are the regression coefficients obtained by first standardizing the process variables to a mean of 0 and an SD of 1. The higher the positive value of b of a parameter, the higher would be the effect of that parameter and vice versa. Table 3 shows the coefficients of the variables in the models and their contribution to the model's variation and their lack of fit. The behavior of the system can be described by the following secondorder polynomial equation:
where Y is the predicted response, b o is the interception coefficient, b i is the linear term, b ii are the quadratic terms, b ij are the interaction terms, and x i and x j represent the coded levels of the independent variables. Tests for lack of fit and R 2 values were used to determine the adequacy of the models. The response surface and contour plots were generated for different interaction of any two independent variables while holding the value of the third variable at the midpoint. These three-dimensional surfaces could give accurate geometrical representation and provide useful information about the behavior of the system within the experimental design. The optimization of the process was aimed at finding the levels of independent variables that would give the best possible pH, protein content and protein solubility. The optimum processing conditions were determined by superimposing the contour plots for the protein content, protein solubility and the pH of the samples using Minitab 14.13 Statistical software. The optimization criteria used were pH of 5.0-7.0, 
Analytical Methods
Protein Content Determination. The protein content (N ¥ 5.7) was determined using AOAC (1990)-approved method 920.87 using the Kjeldahl procedure.
Protein Solubility Determination. This was determined as reported by the Malaysian Standard (1997). One and a half (1.5) grams of the sample was weighed into a beaker and 75 mL of 0.2% (0.36 N, pH 12.5) potassium hydroxide was added. The sample was then stirred for 20 min on a magnetic stir plate and centrifuged at 2,700 rpm for 15 min. The supernatant was then filtered through glass wool into a beaker, being careful to avoid transferring. It was centrifuged again and 15 mL supernatant was transferred into two Kjeldahl tubes for duplicate analysis (this gives a 0.3 g aliquot of the original sample); 12.5 mL concentrated sulfuric acid and 2 mL hydrogen peroxide was added to each tube for nitrogen determination by the Kjeldahl method. The total nitrogen of the original sample was also determined. Protein solubility was expressed as the soluble protein fraction (from supernatant) as a percentage of the total protein in the cowpea. pH and Titratable Acidity Determination. Ten grams of dried flour was mixed with 100 mL distilled water. The mixture was allowed to stand for 15 min, shaken at 5 min intervals and centrifuged at 3,000 rpm for 15 min using a Denley centrifuge (Model BS4402yD; Denley, UK). The supernatant was decanted and its pH was determined using a pH meter (model HM-30S; Tokyo, Japan). Ten-milliliter aliquots (triplicate) were titrated against 0.1 M NaOH using 1% phenolphthalein as indicator. Acidity was calculated as g lactic acid/100 g sample.
Color. The color space parameters L, a* and b* of the samples were measured with a Minolta CR-310 Tristimulus Colorimeter (Minolta Co. Ltd., Osaka, Japan). The L represented lightness (with 100 = perfect/brightness to 0 = darkness/blackness); a* represented the extent of green color (in the range from negative = green to positive = redness); b* qualified blue in the range from negative = blue to positive = yellow. The color change of the samples was also calculated as follows:
. All measurements were conducted in triplicate and the mean values reported.
RESULTS AND DISCUSSION

Development of Models
Eight regression equations were obtained when Eq. (2) was fitted into experimental data (Table 2) . These equations were then tested for adequacy and fitness using ANOVA. Table 3 summarizes the results of the ANOVA. The models developed for the protein content, pH, protein solubility, titratable acidity, L, a*, b* and total color change had high R 2 values ranging from 0.71 to 0.95. All the models also had nonsignificant lack-of-fit P values; hence, models could be effectively used to make accurate predictions. The secondorder regression models developed for the various factors are as follows: The experimental data (Table 3) showed that the second-order polynomial models showed a good fit with a lack-of-fit P value of 0.99 and R 2 of 87%. The R 2 of a model refers to the proportion of variation in the response attributed to the model rather than random error. For a good fit of a model, an R 2 of at least 60% was used. Malcolmson et al. (1993) commented that an R 2 of 80% appears to be excessive for a preliminary study and therefore recommended that an R 2 of 60% can be used There was a strong and significant influence (P < 0.001) of the quadratic effect of the incubation time on the protein content of the cowpea tempeh. The incubation temperature was found not to have any effect on the protein content of the cowpea tempeh. This may be due to the fact that protein content was measured as nitrogen (N ¥ 5.7); hence, the apparent protein content was not affected by incubation temperature, as nitrogen is not affected by heat treatment (Pelembe et al. 2001 ). This may suggest that time of fermentation should be controlled more carefully than the fermentation temperature during cowpea fermentation (Ibanoglu and Ibanoglu 2000) . Even though the boiling time, incubation time and their various combinations did not have any significant influence on the protein content at P Յ 0.05, they had to be kept in the model to obtain a reasonable lack of fit and a nonsignificant lack of fit. The response plot (Fig. 1) shows the predicted effects of boiling time and incubation time on the protein content of the cowpea tempeh. The plot generated shows a curvilinear plot with boiling time. A look at the response plot shows that the protein content of the tempeh reduced at the initial stages of fermentation after which there were increases after about 32 h of fermentation. The reduction in the protein content at the initial stages of fermentation could be attributed to the fact that the proteins in the sample were being hydrolyzed by proteases produced by Rhizopus oligosporus as reported by Higasa et al. (1996) . Higasa et al. (1996) again reported that at 46 h of fermentation, hydrolyzed protein in soy tempeh represented 25% of the initial protein. The increase in the protein content of the tempeh samples could be attributed to the apparent increase in the mould biomass (Sparringa and Owens 1999) .
FIG. 1. RESPONSE SURFACE PLOT SHOWING PREDICTED EFFECT OF INCUBATION TIME AND BOILING TIME ON THE PROTEIN CONTENT OF THE COWPEA TEMPEH RSM FOR STUDYING COWPEA-BASED TEMPEH 9
Solubility of protein is one of the critical functional attributes required for its use as a food ingredient, as solubility greatly influences other properties, such as emulsification, gelation and foaming (Wang and Kinsella 1976) . The digestibility and bioavailability of proteins are functions of its solubility. The model developed to predict the protein solubility had an R 2 of 0.72; thus, it could explain 72% of the variations in the protein solubility. The model also had a nonsignificant lack of fit with P value of 0.19. It was observed from the statistical analysis that only the incubation temperature was significant at 99% level. The quadratic term of the incubation time and the combination of the boiling time and incubation time did not have any effect on the protein solubility of the cowpea tempeh, and hence, were removed from the model. The response plot (Fig. 3) shows a linear plot with incubation time. However, curvilinear plots were observed with boiling time and incubation temperature. The protein solubility was observed to decrease with fermentation. This observation is contrary to the fact that the soluble protein content increases sharply due to the action of protease enzyme produced by mould during fermentation of soybeans into tempeh, as reported by Astuti (2000) . The protein solubility was also observed to increase to a maximum as the incubation temperature increases and then reduces. The increase in solubility and digestibility in fermented seeds could be attributed to the proteolytic activity of Lactobacillus (Fadda et al. 1999) . It was postulated that the increase of protein susceptibility to proteolytic enzymes, due to partial protein denaturation and pH during fermentation, led to increased solubility and digestibility (Czarnecki et al. 1993) .
There was a general increase in the protein solubility with increases in boiling time. However, it was observed that the effect of the boiling time on the protein solubility depended on the temperature of incubation.
The regression model developed for the pH of the cowpea tempeh could explain 95% of the variation in the pH and had a nonsignificant lack of fit with P value of 0.12. The regression coefficients (Table 3) showed that the linear and quadratic terms of boiling time, the linear term of incubation temperature, the quadratic term of incubation time, and the interaction between the boiling time and incubation time had strong and significant influence (P < 0.01) on the pH of the tempeh samples. The response plots (Fig. 2) developed show linear curves with incubation temperature. It was observed that changes in incubation temperature did not result in significant changes in pH of the tempeh samples. There were slight decreases in the pH with increases in incubation temperature. The response plots showed that the effect of boiling time on the pH of the tempeh samples depended on the time of incubation.
Titratable acidity is a measure of the total acid (dissociated and undissociated) produced in the fermentation product. Sefa-Dedeh (1991) and Afoakwa et al. (2004) reported that fermentation contribute to the development of souring or acids, resulting in improved flavor, color, texture and other product quality attributes in cereal products. Only the linear term of the incubation time was found to have a strong and significant influence (P < 0.01) on the acidity of the tempeh samples. The regression model developed could explain 89% of the variations in the acidity of the samples. A nonsignificant lack of fit with P value of 0.15 was obtained for the model. The response plots (Fig. 4) indicated that acidity of the tempeh samples increased with increasing boiling and incubation times. However, changes in the incubation temperature of the tempeh samples did not result in significant changes in the acidity. The increase in the acidity of the tempeh may be attributed to the utilization of protein by the mould, as reported by Xu et al. 2005. Color is one of the most important attributes used to determine the acceptability of foods. This is because no matter how nutritious, flavored or well textured a food is, it is unlikely to be accepted unless it has the right color and appearance (Serna-Saldivar et al. 1990) . The model developed for the L value of the tempeh samples could explain 71% of the variations in the color. The model had a nonsignificant lack of fit with P value of 0.47. The regression coefficients in Table 3 show that only the interactions between the boiling time and incubation time had significant influence on the L value of the tempeh samples.
The response plots (Fig. 5) indicated that the L value of the samples significantly reduced during the fermentation period. In other words, the samples became darker with increasing fermentation time. Increases in boiling time also resulted in consequential decreases in L value of the samples. Fermentation tended to produce a slightly darker color, which may be attributed to the influence of mycelia color and the drying step (Reyes-Moreno et al. 2004) . However, changes in the incubation temperature did not result in significant variations in the L value of the samples. The model developed for the total color change of the tempeh could explain 75% of the variations (Table 3) , with a nonsignificant lack-of-fit P value of 0.22. The model showed that the linear terms of boiling and incubation times significantly influenced the total color change of the tempeh samples. It was also observed that the interaction between the boiling and incubation times also significantly influenced the total color change. The total color change of the tempeh samples was not affected by the incubation temperature. The response plot (Fig. 6) , predicting the effect of incubation time and boiling time on the total color change of the cowpea tempeh, showed that changes in total color of the cowpea tempeh was more significant at the higher incubation temperatures and boiling times.
Determination of the Optimum Processing Conditions
Contour plots for some of the response variables (i.e., pH, protein and protein solubility) were plotted, and these plots were superimposed to obtain contour plots to allow for selection of the best (optimum) combination of the variables studied. The optimization criteria used were pH of 5.0-7.0, protein content of 18%-25% and protein solubility of 70%-90%. The regions that satisfied these conditions for the cowpea tempeh samples were obtained by superimposing, shown in Fig. 7 . A number of combinations of boiling time, incubation time and incubation temperature in the unshaded area was found to meet the criteria set for the process of optimization. The optimum incubation temperature was conveniently set at 37C since it is the optimum temperature for microbial activity. Temperatures above 40C have been reported as too high for mould growth (Nout and Kiers 2005) . The time of incubation has been reported by Nout and Kiers (2005) to depend on the temperature of incubation. It has also been reported that the fermentation of tempeh is usually complete after 24 h. Based on this observation, the time of incubation for the cowpea tempeh was conveniently set at 28 h when incubated at 37C. The unshaded regions of Fig. 7 indicates that for an optimum cowpea tempeh, the boiling times of the cotyledons ranged from 17 to 28 min. However, for economical reasons with respect to the amount of energy needed for boiling, the boiling time was set at 20 min.
CONCLUSIONS
Response surface methodology was effectively used in optimizing the processing condition in the processing of cowpea tempeh. Both boiling and incubation times were identified as influential processing conditions during preparation of cowpea tempeh, effecting significant variations in quality characteristics (protein content, protein solubility, pH, acidity and color changes) of products. Incubation temperature did not significantly influence the protein content, the degree of lightness and the total color change of the products. However, the protein solubility of the cowpea tempeh depended significantly on the temperature at which the cowpeas were incubated. The optimum processing conditions observed for the preparation of cowpea tempeh were boiling time of about 20 min, incubation time of about 28 h and incubation temperature of about 37C.
